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(54) Method of Making Humidity 
Sensors 

(57) A method of making a humidity 
sensor 5 which comprfses an alumina 
substrate 1 bearing an electrode 
system comprising a pair of noble 
metal electrodes 2, 3 which are 
electrically connected to each other by 
an electrically conductive moisture- 
sensitive layer 4 present on the 
substrate 1 . In order to be able to 
monitor the moisture content of a 
gaseous atmosphere Inside the 
housing of a sealed electronic device, 
for example an integrated circuit, or 
inside the housing of an acoustic 
surface wave device, it is necessary to 
use a small sensor which can be used 



in a static atmosphere. An electrode 
system 2, 3 may be formed by 
sputtering gold onto an alumina 
substrate 1 . The substrate 1 bearing 
the electrode system is baked in air at 
a temperature in the range from 100 
to 750°C for from 30 hours to -J- hour, 
and then a coating comprising 
orthophosphorrc acid or phosphorus 
pentoxide is applied over that area of 
the substrate 1 which is to bear the 
moisture-sensitive layer 4. The 
assembly Is heated at from 50 to 
500^C for from 30 hours to ^ hour so 
as to form the electrically conductive 
moisture-sensitive layer by a reaction 
between the alumina and the 
orthophosphoric acid or the 
phosphorus pentoxide. 





\> J > / / 



\\\\ 



Fig.1. 



Tlie drawings originally filed were informal and the print iiere reproduced is talcen from a later filed formal copy. 
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SPECIFICATION 

M thod f Making Humidity Sensors 

& The invention relates to a method of making a 
Siumidity sensor which comprises an electrically 
fiinsulating substrate bearing an electrode system 
l^omprislng a pair of noble metal electrodes which 
^re electrically connected by an electrically 
S^conductive moisture-sensitive layer present on 
t^the substrate, to a humidity sensor made by such 
^Qta method, to a hermetically sealed electronic 
ffmodule containing such a humidity sensor, and to 
5^ hermetically sealed surface acoustic wave 
device containing such a humidity sensor. Such 
ian electronic module may be, for example a 
* 1 5 ^discrete semiconductor device, an integrated 
^circuit or a computer module. 
k Humidity sensors for determining the moisture 
content of gaseous atmospheres are well-known. 
These sensors comprise a substrate bearing an 
20 electrode system comprising a pair of noble metal 
electrodes between which a layer of a 
hygroscopic agent, for example phosphorus 
pentoxide or lithium chloride, Is disposed. The 
hygroscopic agent absorbs the moisture from the 
25 gaseous atmosphere. When the humidity sensor 
is used to determine the moisture content of a 
flowing gaseous atmosphere, the moisture 
content is usually determined coulombmetrically. 
a direct current voltage being applied across the 
30 electrodes, the water absorbed by the 

hygroscopic agent being electrolysed, a steady 
state being established between the moisture 
content of the gas and the moisture content 
absorbed in the hygroscopic agent. 
35 United Kingdom Patent Specification 

1 ,01 8,1 92 describes such a humidity sensor In 
which the hygroscpic agent is phosphorus 
pentoxide. A disadvantage of such sensors is that 
after the hygroscopic agent has been exposed to 
40 an atmosphere having a relatively high moisture 
content, for example the ambient atmosphere, it 
takes a considerable time to establish equilibrium 
at a relatively low moisture content. There will, of 
course, be limitations on the environment In 
45 which phosphorus pentoxide can be used as the 
hygroscopic agent. The humidity sensors 
described in Specification 1 ,01 8,1 92 are 
intended for use in flowing gaseous atmospheres. 
An article 'The use of relative humidity sensors 
50 to monitor the atmosphere within hermetically 
sealed electronic modules" by Bias J. Amdur and 
Harold G. Lofgren, in Humidity and Moisture, 
Measurement and Control in Science and 
Industry, Volume 2, Applications (edited by E. J. 
55 Amdur, Reinhold 1965), pages 428— 432, 

describes the use of humidity sensors to monitor 
the humidity content of the atmosphere within 
computer modules. The moisture-sensitive 
elements in these sensors comprised polyvinyl 
60 alcohol-lithium chloride films, and had 

sensitivities over the range from 3.5 to 1 6% 
relative humidity. The moisture was determined 
by measuring the resistance of the moisture- 
sensitive elements using an A.C. ohmmeter. 



65 It Is well-known In semic nductor technology 
that alt materials adsorb and absorb xygen, 
nitrogen and water from the ambient atmosphere. 
Hermetically s aled housings are used to isolat 
semiconductor devices from the ambient 

70 atmosphere in which the device Is used. The 
device may be sealed Into such a housing In an 
inert atmosphere, for example dry nitrogen. Some 
semiconductor devices are affected by oxygen, 
and many semiconductor devices are affected by 

75 moisture. If the device is properly sealed Into a 
housing, there will be no Ingress of moisture Into 
the housing containing the device after sealing. 
But moisture will be evolved Into the atmosphere 
inside the sealed housing as a result of desorptlon 

80 from the inside surfaces of the housing and the 
surfaces of the device if the surfaces have not 
been dried adequately prior to sealing the 
housing. 

Mass spectroscopy has been used to examine 
85 the moisture contents of the atmosphere within a 
sealed package, but this Is a technique which 
cannot be used for continuous moisture 
monitoring. This technique is not suitable for 
measuring low moisture contents of atmospheres 
go of packages having small Intemal volumes. 
An object of the Invention Is to provide a 
method of making a humidity sensor suitable for 
determining the moisture content of a static 
atmosphere and which can be used for 
95 determining the moisture content of the 
atmosphere inside small hermetically sealed 
housings having internal volumes occupied by 
gaseous atmospheres, which volumes are of the 
order of 1 00 cubic mm. 

100 The invention provides a method of making a 
humidity sensor which comprises en alumina 
substrate bearing an electrode system comprising 
a pair of noble metal electrodes which are 
electrically connected to each other by an 

1 05 electrically conductive molsturo-sensltlve layer 
present on the substrate, the method comprising 
the steps of forming the electrode system on the 
alumina substrate, then activating the exposed 
alumina by heating the alumina substrate bearing 

110 the electrode system to a temperature in the 
range from 1 00 to 750°C for from 30 hours to i 
hour, then applying a coating comprising 
orthophosphoric add or phosphorus pentoxide 
over the electrodes and that area of the substrate 

1 1 5 which Is to bear the electrically conductive 
moisture-sensitive layer, and then heating the 
substrate, electrode system and coating at from 
50 to 500°C for from 30 hours to ^ hour so as to 
form the electrically conductive molsture- 

1 20 sensitive layer by a reaction between the alumina 
and the orthophosphoric acid or the phosphorus 
pentoxide. The first heating step serves to remove 
undesired residual Impurities from th substrate 
surface. It will be evident t a person skilled in the 

1 25 art that shorter heating steps ar required for heat 
treatments which are performed at higher 
temperatures then for heat treatments performed 
at lower temperatures. For exampl ,them Isture- 
sensltive layer may be formed using a heat 



WEST 



2 



GB 2 064 126 A 2 



treatment at a temperature In th range from 200 
to300°Cforatimeof fr m4hourstoih ur. 
When thee ating comprises rthophpsphorlc 
acid, it is preferred to use Nf2 to ZIN 
5 orthophosphoric acid, since when solutions which 
are less than N/2 are used, it was found that the 
sensitivity of the moisture-sensitive layer is low. 

The electrode system is generally formed by 
depositing a film of a noble metal onto the 

1 0 alumina substrate from the vapour phase, and the 
electrode system Is formed from the noble metal 
film by selective chemical etching. The noble 
metal film is preferably deposited by sputtering, 
since sputtered films have better adhesion to 

1 5 alumina substrates than that of evaporated films. 
The electrode system may also be produced by 
screen printing a suitable conductive paste and 
firing at a sufficiently high temperature to produce 
good adhesion of the electrode system to the 

20 substrate. 

During the investigations which led to the 
invention, both rhodium and gold were used for 
the electrode metal. However, other noble metals 
may be used. 

25 A method according to the Invention can be 
used to make humidity sensors which are small 
enough for inclusion inside the housing of 
semiconductor devices alongside the 
semiconductor device. When the resistance of the 

30 sensor is measured using A.C., no hydrogen 

(which harms semiconductor devices) is released, 
and the equilibrium between the moisture in the 
layer and the atmosphere in which the sensor is 
present will not be disturbed. The resistance of 

35 the sensor may be measured using D.C. when the 
presence of hydrogen can be tolerated. The 
sensors can be exposed to an ambient air 
atmosphere and can be re-sealed Into a package 
without requiring to be recalibrated or to need a 

40 long drying time. 

During the Investigations which led to the 
present invention, various compounds were 
prepared by reacting aluminium oxide gel with an 
orthophosphoric acid of which the following were 

45 found to be moisture-sensitive: — 

AI2O3 . PjOb, having a trigonal crystal structure 
(beriinite); 

AljO, . PjOg . 31^20; AljOj . PPs . 4H2O 
(metavariscite); AI2O3 . Z?J^s» 

50 AijOa . 3P2O5 . 4H2O. It was not possible to 
determine the particular aluminium phosphate(s) 
present in the moisture-sensitive layers of 
humidity sensors made by a method according to 
the invention, since there was Insufficient 

55 material In the moisture-sensitive layer to enable 
this determination to be carried out it was found 
necessary to use thin moisture-sensitive layers in 
order that diffusion of moisture into or out of the 
layers should not be time-dependent A typical 

60 moisture-sensitiv layer is formed by applying 8 
mgm f rthoph sph ricaddt a square 
alumina plate having 50 mm sides, and then 
heating the assembly to f rm the moisture- 
sensitive layer. The thickness of the moisture- 

65 sensitive layer (calculating the reaction product as 



AI2O3 . P2O5) is about 60 nm. Wh n the layers 
were made which were thick enough to identify 
the particular form of the aluminium phosphate 
pr sentin the layer, it was f und that the rate of 
70 diffusion of moisture Into and out of the layers 
was impracticably time-dependent. 

Satisfactory humidity sensors have been made 
by a method according to the invention using 
96% pure alumina, but It is preferred to use 
75 99.5% pure alumina for the sake of stability of the 
devices after manufacture. 

When phosphorus pentoxide is used to make 
the moisture-sensitive layer, it may be applied to 
the substrate by brushing, or by spinning or 
80 stencilling a suspension In an organic medium. 
Orthophosphoric acid may be applied, for example 
by brushing, spraying, stencilling or by spinning. 

IHumidity sensors made by a method according 
to the invention may be used for testing the 
85 moisture content of the gaseous atmosphere 
inside the envelopes of devices such as acoustic 
surface wave devices or semiconductor devices, 
for example integrated circuits. This moisture 
content may increase, for example, from 50 
90 p.p.m. immediately after sealing to 4400 p.p.m. 
50 hours after sealing if the envelope and/or 
components have not been dried adequately. 
When the moisture contents of the atmospheres 
Inside a set of devices have been measured at 
95 different times after sealing. It is possible to 
establish the drying procedures which are 
necessary in order to obtain the desired ultimate 
dryness of the gaseous atmospheres inside the 
devices. Such a humidity sensor may be used to 
1 00 determine the moisture content of the 

atmosphere inside an envelope containing a 
device at which the electrical parameters of the 
device start to degrade. The sensitivities of 
humidity sensors made by a method according to 
1 05 the invention are not Impaired when the 
moisture-sensitive layer Is exposed to wet 
atmospheres, for example atmospheric air. 

Two embodiments of the invention will now be 
described with reference to the Examples and to 
110 theaccompanylngdrawlngs, in which: 

Figure 1 is a schematic plan view of a humidity 
sensor made by a method according to the 
invention, * 
Figure 2 is a schematic side-sectionai elevation 
115 of a test cell comprising a housing containing a 
humidity sensor made by a method according to 
the Invention, 

Figure 3 is a graph showing the current- 
moisture characteristic of the humidity sensor 
120 described in the Example, 

Figure 4 is a schematic circuit diagram of a 
circuit used to calibrate the humidity sensor 
shown in Figure 1 , and 

Figure 5 is a schematic partly perspective view 
125 ofasurfac ac ustic wave device containing a 
humidity sensor mad by a math d according to 
the invention. 

.Example 1 

An alumina substrate 1 (Figure 1 ) consisted of 
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99.5% pure alumina and had dimensi ns of 
2x1 .5x0 mm. This substrate 1 washed first with 
isopropanol and then with Genklene (Trade Mark) 
which is a grade of 1 ,1 ,1 trichloro thane 
5 marketed by I.C.I. Limited. A 1 000 A gold layer 
was sputtered onto the cleaned substrate 1 and 
an electrode system consisting of a pair of 
electrodes 2, 3 was formed by making a 
photoresist mask using Shipley AZ 1 350 

1 0 photoresist and AZ developer and etching the 
gold using a conventional gold-etching solution 
consisting of a solution of iodine In ethanol. After 
the etching had been completed, the residual 
photoresist was removed from the alumina 

1 5 substrate 1 . The substrate 1 was then heated at 
500°C in air for 1 hour so as to remove any 
residual organic matter from the surface of the 
substrate 1 remaining between the electrodes 2, 
3 and to activate the substrate 1 . A layer of l/V 

20 orthophosphoric acid was brushed ontothe 
assembly consisting of the substrate 1 and the 
electrodes 2,3 In the vicinity of the electrodes. 
The assembly was then heated at 250''C for 1 
hour in nitrogen, within which time the surface of 

25 the substrate 1 had a dry appearance, indicating 
that a moisture-sensitive layer 4 had been formed 
by a reaction between the alumina of the 
substrate 1 and the orthophosphoric acid. The 
assembly was then cooled. 

30* A test cell shown In Figure 2 was prepared 
using the above-described humidity sensor 5. The 
substrate 1 was secured mechanically (by means 
not shown) to a header 6 comprising lead- 
throughs 7 and 8. The lead-throughs 7, 8 were 

35 electrically connected to the electrodes 2, 3 by 
means of wires 9 and 1 0. A nickel housing 1 1 
was welded to the header 6. 

Figure 3 shows the A.C. current (l)-moisture (H) 
relationship for this humidity sensor. 

40 Figure 4 shows a circuit diagram of an 
arrangement used to calibrate the humidity 
sensor shown in Figure 2. An A.C. source 12 
supplies a 1 kHz peak-to-peak voltage of 10 volts 
through a 1 00 kQ measuring resistor 1 3 which is 
• 45 connected in series with the humidity sensor 5. 
The voltage developed across the measuring 
resistor 1 3 is displayed on a Solartron 707S 
digital voltmeter 1 4. 

By altering the concentrations of the 

50 orthophosphoric acid solution used, the 

processing temperatures and times, different 
current-moisture characteristics in the moisture 
content range from 3 to 1 5,000 p.p.m. may be 
obtained. Sodium fluoride, caesium fluoride or 

55 aibidium fluoride are suitable for calibrating 
humidity sensors at the lower end of the range. 
These humidity sensors may be calibrated by 
means of a Faraday cell over a range from 2 to 
1 0,000 p.p.m. HjO, using a flowing gas stream to 

60 which controlled quantities of moisture are added. 
If direct current measurement is used, (for 
example using a D.C. voltage of 8 volts instead of 
the above-mentioned 10 volts 1 kHzA.C. 
voltage), th reading is taken within 30 seconds 

65 of applying a voltage across the resistiv element 



so as to restrict the amount of hydrogen 
generated. 

Example 2 

Figure 5 shows a surface acoustic wave fitter 

70 designed to filter electric signals. For the sake of 
clarity, part of the housing 1 5, which js made 
nickel, is shown broken away. The filter comprises 
a piezoelectric wafer 1 7 which is bonded to a 
header 1 6 by means of an epoxy resin layer (not 

75 shown). The exposed main surface 1 8 of the 
wafer 1 7 bears a surface acoustic launching 
transducer array consisting of a first set of 
interdigitated electrodes 1 9 and 20, The 
electrodes 1 9 and 20 are connected to respective 

80 insulated lead-throughs 21 and 22 of the header 
1 6 by respective lead wires 23 and 24. The main 
surface 1 8 carries a receiving transducer array 
spaced from the launching transducer array and 
consisting of a second set of interdigitated 

85 electrodes 25 and 26. The electrodes 25 and 26 
are connected by leads 27 and 28 to insulated 
lead-throughs 29 and 30 respectively of the 
header 1 6. Surface acoustic wave coupling 
means in the form of an an-ay 3 1 of parallel 

90 conductive elements are located on the surface 
1 8 between the launching transducer array. 1 9, 
20 and the receiver transducer array 25, 26. A 
humidity sensor 5 similar to that described above 
with reference to Figure 1 , is incorporated In this 

95 filter by securing the alumina substrate 1 
mechanically to the header 1 6 by means not 
shown. The electrodes 2, 3 are electrically 
connected to insulated lead-throughs 32, 33 of 
the header 1 6 by leads 34, 35 respectively. The 
1 00 housing 1 5 is sealed to the header 1 6 by a 
conventional welding technique. 

The humidity sensor 5 can be used to reduce 
the moisture content of the atmosphere within 
the housing 1 5 by passing a direct current 
1 05 through the moisture-sensitive layer, thereby 
electrolysing the moisture present in this layer 
and so converting the moisture into hydrogen and 
oxygen. By using a humidity sensor in this way, it 
would be practicable to significantly reduce the 
1 1 0 moisture content of the atmosphere in a sealed 
housing containing an electric circuit element 
such as a surface acoustic wave device provided 
that the hydrogen liberated does not have a 
deleterious affect on the performance of the 
115 electric circuit element 

Claims 

1 . A method of making a humidity sensor 
which comprises an alumina substrate bearing an 
electrode system comprising a pair of noble metal 

1 20 electrodes which are electrically connected to 
each other by an electrically conductive moisture- 
sensitive layer present on the substrate, the 
meth d comprising the steps of forming the 
lectrode system n the alumina substrate, then 

125 activating the exp sed alumina by heating the 
alumina substrate bearing the lectrode system to 
a temperature in the range from 1 00 to 750°C for 
from 30 hours t i hour, then applying a coating 
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comprising orthoph sphoric acid or phosphorus 
pentoxide over that area f the substrate which fs 
to bear the electrically conductive molstur - 20 
sensitive layer, and then heating the substrat , 
5 electrode system and coating at from 50 1 
500*^0 for from 30 hours to ^ hour so as to form 
the electrically conductive moisture-sensitive 
layer by a reaction between the alumina and the 25 
orthophosphoric acid or the phosphorus 
10 pentoxide. 

2. A method as claimed in Claim 1 , wherein the 
coating comprises a /V/2 to 27 N solution of 
orthophosphoric acid. 30 

3. A method as claimed in Claim 1 or Claim 2. 
1 5 wherein the electrode system is formed by 

depositing a film of a noble metal onto the 
alumina substrate from the vapour phase, and the 



electrode syst m Is formed from th n bl m tal 
film by selective chemical etching. 

4. A method as claimed in Claim 4, wherein the 
noble metal film Is deposited by sputtering. 

5. A meth d as claimed in any pr ceding 
Claim, wherein the noble metal Is gold. 

6. A method of making a humidity sensor, 
substantially as herein described with reference to 
Example 1 and to Rgures 1 and 2 of the drawings. 

7. A humidity sensor made by a method as 
claimed in any preceding Claim. 

8. A hermetically sealed electronic module 
containing a humidity sensor as claimed In Claim ' 

9. A hermetically sealed surfece acoustic wave 
device containing a humidity sensor as claimed In * 
Claim 7. 
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